Cheyne-Stokes respiration, found associated with cardiac failure, has been attributed to cerebral anoxia (1) on the basis of decreased cerebral blood flow, which is depressed in proportion to the decrease in cardiac output (2) . Since Aminophylline increases cardiac output (3) and at the same time arrests Cheyne-Stokes respiration (4), it seems logical to conclude that the latter response occurs as a result of improvement of the cerebral circulation. However, Wechsler, Kleiss, and Kety (5) have observed that in normal individuals Aminophylline actually decreases cerebral blood flow. The following study was undertaken in order to clarify this problem. An attempt has been made to evaluate the effect of Aminophylline on the cerebral hemodynamics in 16 patients with cardiac failure, four of whom had Cheyne-Stokes respiration.
METHODS AND MATERIAL
Sixteen cerebral blood flow studies were done on patients with definite clinical and laboratory evidence of congestive heart failure. Their ages ranged from 38 to 70. All showed peripheral edema and signs of pulmonary congestion. The arm to tongue circulation times ranged between 17 and 55 seconds, and the venous pressures taken at the jugular bulb were above 10 cm. water in all but two patients (Table I) . Four presented the typical respiratory pattern of Cheyne-Stokes respiration (Table   II) . Azotemia, with blood urea nitrogens of 34 and 42 mg. per cent, was present in two patients (J. D. and D. B.). This was due to renal disease in the case of J. D. but was apparently secondary to the heart failure in the case of D. B., since there was no evidence of primary kidney disease in the latter. All but four patients had previously received treatment, but had become decompensated because of an inadequate regimen. The hemoglobin was not less than 10 gm. per cent in any of the patients. One of them (M. Y.) presented anxiety manifestations before the studies were started. These symptoms became accentuated after the Aminophylline was given. Additional pertinent clinical data are given in Table I .
The studies were carried out with the patients in the supine position. Two who were too orthopneic to lie supine were tilted to 20 degrees during the entire study. Measurements of pulse rate, respiratory rate, and auscultatory blood pressure were taken during the course of each experiment. Mean blood pressures were calculated on the basis of the diastolic pressure plus one-third of the pulse pressure. A control cerebral blood flow determination was completed employing the nitrous oxide method (6) . Nitrous oxide was administered and blood samples collected over a 20 minute period, instead of the usual 10, since equilibrium of nitrous oxide concentration was not always established at 10 minutes due to the decreased blood flow and low rate of arterial delivery of nitrous oxide to the brain. In the patients who exhibited Cheyne-Stokes respiration, when periods of apnea lasted more than 10 seconds, the respiratory rate and rhythm -were consciously controlled by the patient at the direction of the investigator who administered the nitrous oxide. This was thought necessary in order to minimize variation in the arterial blood saturation curve of nitrous oxide. The variability seems to have been thus avoided since the arterial blood saturation curves appeared smooth and normal in each instance. Fluctuation in cerebral blood flow within the 10 minute period of study cannot be detected by the nitrous oxide technique since only the average blood flow is determined. Fifteen minutes after the control studies were completed, 0.5 gm. of Aminophylline in 10 ml. of saline was given intravenously over a five minute period. A cerebral blood flow determination was then repeated five minutes after giving the drug. In order to evaluate whether the effect of the drug on the cerebral circulation was transient or active over an extended period of time, a third cerebral blood flow determination was completed in six patients (Table II) 45 minutes after the drug was administered. Cerebral 03 consumption (CMRO,)and cerebrovascular resistance (CVR) were calculated as previously described (6) . The Van SlykeNeill manometric apparatus (6, 7) was used for blood gas analysis. Aerosol was used in place of saponin (8) as a hemolytic agent SHD-Syphilitic heart disease HCVD-Hypertensive cardiovascular disease RHD-Rheumatic heart disease ASHD-Arteriosclerotic heart disease AI-Aortic insufficiency MS-Mitral stenosis
RESULTS
The effect of Aminophylline on blood pressure, pulse rate, and respiration in the presence of heart failure is summarized in Table I . The data showing the cerebral hemodynamic response are presented in Table II probably due to the underlying cardiac disease, pulmonary congestion, and the resultant dyspneic state that already existed. The low arterial blood oxygen and carbon dioxide contents that were observed throughout the study were also a reflection of the type of patients studied, i.e., cardiac failure and associated pulmonary congestion (9) . In addition, two of them exhibited uremia and four had previously received ammonium chloride as therapy for their disease which undoubtedly served to lower the plasma sodium and therefore the blood CO2 in these patients. All but four had received mercurial diuretics in the past. Despite the fact that the respiratory rate was not stimulated after the administration of Aminophylline, gaseous exchange within the lungs was somewhat improved. This was reflected in a decrease in the arterial CO2 content (average decrease = 1.8 vol. per cent) in 14 of the 16 patients. In addition, the maximum concentration of nitrous oxide in the arterial blood was reached more rapidly after Aminophylline in most of the studies. However, probably due to its lower solubility, the arterial blood oxygen content was not significantly increased. Although the arterial CO2 decreased after Aminophylline, the jugular venous CO2 (acute changes in which would more closely reflect changes in tissue CO2) was not altered.
The control values for cerebral blood flow were below normal (2, 6, 10), i.e., a mean of 45 ml. as compared to a mean of 54 ml. (6, 10) per minute per 100 gm. found in normal individuals. After Aminophylline, the cerebral blood flow became further reduced (mean = 30 ml. per minute per 100 gm.) in all but one patient. This was a result of an increase in cerebrovascular resistance (statistically, p < 0.01). In five patients the cerebral blood flow was decreased to 25 ml. per minute or below. This is a reduction of 50 per cent from the normal flow. Even at these low levels there was no obvious alteration of mental acuity.
As the cerebral blood flow decreased after Aminophylline, the oxygen content of the blood flowing from the brain was concurrently reduced (mean of 7.7 vol. per cent reduced to 6.5) resulting in an increased arteriovenous oxygen difference (mean of 7.2 increased to 8.7 vol. per cent). This compensatory phenomenon was incomplete with a resultant significant decrease in cerebral 02 utilization (CMRO2). The cerebral hemodynamic effects are summarized in Figure 1 .
There appeared to be no essential difference in the hemodynamic response immediately or 45 minutes after the administration of Aminophylline (Table II) . The patients displaying CheyneStokes respiration (Table II) showed no difference in cerebral hemodynamic response to Aminophylline from that of the other patients in cardiac fail- 
DISCUSSION
The cause of the high initial cerebrovascular resistance and resultant decreased cerebral blood flow in this group of patients exhibiting heart failure is not apparent (2) . The highest values for cerebrovascular resistance were seen in those patients with concurrent hypertension. Kety (11) has suggested that increased venous pressure may impede the outflow of blood from the brain. There was no correlation between venous pressure and depressed cerebral flow in the present study. Lowered arterial pCO2 (not determined in the present study) has also been shown to decrease cerebral blood flow (12) . Further studies under these circumstances will be necessary to reach definite conclusions on this point in patients with cardiac failure.
The cerebral blood flow decreased after Aminophylline in all but one patient. The associated acute reduction in arterial CO2 content, which occurred after the drug was administered in 14 out of 16 patients must reflect, at least qualitatively, a reduction in pCO2, since only through increased gas exchange in the lungs could this occur so rapidly (five to 10 minutes). Thus, the reduced arterial CO2 may be a factor in the depression of cerebral blood flow after Aminophylline. If so, it is only a minor factor because when changes in cerebral blood flow of this magnitude due to hyperventilation (12) are compared to the present observations, one may note that decreased CO2 of a much greater magnitude was required to significantly alter cerebral blood flow. In addition, there is no statistical correlation between reduction in cerebral blood flow and the reduction in arterial CO2. Moreover, when cerebral blood flow is reduced by acute reduction in arterial CO2 following hyperventilation, the jugular CO2 also decreases. In the present group of patients (Table II) , the CO2 content of the blood coming from the brain did not change. Since the jugular blood more closely reflects the state of affairs in brain tissue than does arterial' blood, one is led to the conclusion that low CO2 in the cerebral tissue should be discarded as a responsible factor for the depressed cerebral blood flow after Aminophylline. We therefore conclude, as Wechsler, Kleiss, and Kety (5) (1) . Increase in cardiac output with improvement of the pulmonary circulation and the relief of pulmonary edema has not been ruled out as a contributing factor to the decrease in arterial CO2. The phenomenal increase in cerebrovascular resistance and reduction in cerebral blood flow to levels that have not heretofore been observed indicates that the vasoconstrictive effect of this drug has been superimposed on the increased vascular resistance that is already present in cardiac failure (2) . Even in those patients exhibiting hypertension (13) , there is a further increase in cerebrovascular resistance after Aminophylline.
In view of the reported cerebral stimulant effect of Aminophylline (1), the decrease in the coefficient of oxygen utilization after the administration of the drug seems paradoxical. Although the arteriovenous oxygen difference increases in an apparent attempt to compensate for the decreased cerebral blood flow, the release of oxygen from the blood is not adequate. This is in contrast to the findings in normal individuals (5) , and probably is reflected in the hemoglobin saturation curve of oxygen. Since hemoglobin is inadequately saturated with oxygen in patients with pulmonary congestion, the low P02 portion of the curve is more rapidly attained as oxygen is released at the tissue level, especially with cerebral blood flow values in the range of 20 to 30 ml. per minute. Thus, it becomes increasingly difficult for the blood to release an adequate amount of oxygen under these circumstances.
It was anticipated that the mechanism of effect of Aminophylline in arresting Cheyne-Stokes respiration was by improving cerebral blood flow, and thus relieving cerebral anoxia. This was shown not to occur, since those patients with Cheyne-Stokes respiration showed no difference in cerebral hemodynamic response to Aminophylline from the other patients in cardiac failure. The cerebral blood flow and the coefficient of oxygen utilization (CMRO2) both decreased significantly. One would conclude from these observations that the therapeutic effect of Aminophylline in arresting Cheyne-Stokes respiration in the patients studied is probably due to a stimulating effect on the respiratory center. This may be due to a direct effect on the center or an indirect effect by increasing the medullary CO2 resulting from circulatory stasis. It is of interest that one patient (M. Y.) showed signs of anxiety which were aggravated by Aminophylline. This is the only patient who showed an increase of oxygen utilization without a decrease in cerebral blood flow. Contrariwise, when the cerebral blood flow decreased to less than half the normal rate in a number of individuals there was no obvious disturbance of cerebration. This fact suggests that consideration of a reduction in cerebral blood flow as a cause of altered cerebral function, rather than merely as an associated finding, must be viewed with caution. CONCLUSIONS 1. Aminophylline increases the cerebrovascular resistance in patients with cardiac failure. As a result, the cerebral blood flow decreases.
2. Although the arterial blood CO2 content usually decreases (14 of 16 patients) after Aminophylline, these changes are not great enough to be statistically significant. The jugular CO2 increases, or it does not change. Therefore, the depression of cerebral blood flow is not a reflection of decreased CO2 in the brain. It is more likely a direct effect of Aminophylline on the cerebral vessels.
3. Although the arteriovenous oxygen differences increase as a partial compensation for the decreased blood flow, compensation is inadequate. Therefore, the cerebral oxygen consumption appears to decrease when Aminophylline is given to patients with cardiac failure. 4 . There is no difference in the over-all cerebral hemodynamic response of patients in cardiac failure manifesting Cheyne-Stokes respiration and those with regular respiration. The arrest of Cheyne-Stokes respiration after Aminophylline cannot be attributed to an increase of the cerebral blood flow. It is probably due to a stimulating effect on the respiratory center. This may be a direct effect or an indirect effect secondary to the depressed cerebral circulation and the resultant rise in medullary tissue CO2. The fact that this effect of Aminophylline has been observed for at least one hour also indicates that it is not a transient response during the phase of readjustment of the cardiovascular hemodynamics.
